2

Analytical Chemistry Insights
Based on the literature available in Ayurveda and information passed from various generations as Folk medicine, 34 D. bipinnata (Db) extracts can be used as alternative medicine for treating various microbial diseases. Considering its therapeutic importance and to add a new dimension, aim of this study is to employ the leaf extract of D. bipinnata (Db) for synthesizing the AgNPs. The synthesized AgNPs was characterized by using different techniques, namely, UV-Visible (UV-Vis) spectroscopy, X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FTIR), scanning electron microscopy (SEM), and energy dispersive X-ray spectroscopy (EDAX) analysis. Silver nanoparticles were further used in in vitro analysis of the antimicrobial activity on various bacteria and fungi, such as Escherichia coli (urinary tract toxicities), Staphylococcus aureus (skin and blood stream epidemics), S. mutans (oral cariogenic decays), and Candida albicans (oropharyngeal candidiasis), and analyzed for their antioxidant potential. Furthermore, they were also assessed for their effect on in vitro cell viability assay which can be used for future biomedical applications. Figure 1 , were collected from the Western Ghats, Karnataka, India. Leaves were cleaned thoroughly under running water and double-distilled water to get rid of the extraneous materials. Sample was chopped and desiccated at 60°C for about 7 days and powdered using a grinder. About 10 g of the powdered sample was placed in a flask containing 100 mL of distilled water and boiled at 60°C in water-bath for 15 minutes and subsequently brought to room temperature. The extract was filtered using a Whatman No 1 filter paper (Z274852, Grade 1, Sigma-Aldrich, Merck, USA) and subsequently used to synthesize AgNPs.
Materials and Methods
D. bipinnata (Db) leaf extract D. bipinnata (Db) leaves as shown in
Preparation of silver nanoparticles
A total of 1.5 g of high-analytical grade silver nitrate (0.1 M AgNO 3 , ACS reagent, ⩾ 99.0%, Sigma-Aldrich, Merck, USA) was dissolved in 90 mL of High performance liquid chromatography (HPLC) grade water to form AgNO 3 solution. Approximately 15 mL of the D. bipinnata (Db) extract was mixed with the AgNO 3 solution in a ratio of 1:3 and placed on a magnetic stirrer for 15 minutes. The resulting solution was kept in the dark for 24 hours to observe the changes in color, which represents the reduction of silver.
Characterization of the silver nanoparticles
Synthesized AgNPs were analyzed by using dispersive methods, such as UV-Vis spectrophotometer (Perkin-Elmer, Lambda 35, USA), FTIR Spectrometer (Perkin Elmer Spectrum 2, wavelength range of 8000-350 cm −1 , USA), X-ray diffractor (EDX, Siemens, Model D8, Aubrey, Texas, USA), Scanning electron microscope (SEM; TESCAN/VEGA, Model 3, USA), and EDX (Siemens, Model D8, Aubrey, Texas, USA). Fourier transform infrared spectrometer is useful in characterizing functional groups, bonding types, and nature of the compounds. The AgNP solution was centrifuged at 15 000 r/min to obtain AgNPs in powdered form and loaded in a sample holder and detected in the range of 4000 to 400 cm −1 using the KBr method. The scanning electron microscope was used to observe the morphology and composition of the AgNPs coupled with EDX to identify the elemental composition of the materials. Data generated by the EDX analysis consisted of the spectra of various peaks. The TEAM EDS point analysis software was used for the EDAX analysis to identify the element present in the sample. The phase variations and trace dimension of AgNPs were determined using X-ray diffractometer with Cu Kα radiation and Ni filter. The following Scherer's equation was used to calculate the size of the prepared samples.
where, D is the crystal size, λ is the wavelength of X-ray, θ is the Braggs angle in radians, and β is the full width at half maximum of the intensity peak in radians. The ultrafine AgNPs powder was characterized at 2θ of 5° to 80°.
In vitro antimicrobial properties of the silver nanoparticles
In vitro antimicrobial activity was investigated using the test samples (Db extracts/AgNPs) dispersed in Mumbai, India) powder in 1000 mL of distilled water. The sample medium for the antifungal activity was prepared using 250 g of peeled potato in a beaker with 800 mL of distilled water, boiled for 20 minutes on a hot plate. The boiled potato was squeezed and filtered using a Whatman filter paper. A total of 20 g of dextrose (GRM-007, HiMedia Laboratories, Mumbai, India) was added to the filtrate, and the volume was adjusted by adding 1000 mL of distilled water and used for analysis. Ampicillin and fluconazole (HiMedia Laboratories, Mumbai, India) were used as the standard drugs against bacteria and fungi, respectively. The Db extracts and AgNPs were separated according to their antimicrobial actions by the Kirby-Bauer disc diffusion method to determine the zone of inhibition. 35 Measurements with different concentrations of the grass leaf extracts and AgNPs (10, 15 , and 20 mg/mL) and standard antibiotics were repeated for the test organisms and recorded for their zone of inhibition (mm).
Radical scavenging ability of silver nanoparticles
DPPH radical scavenging assay. Reducing ability of Db extract and AgNPs were assessed using the 1, 1-diphenyl-2-picryl hydrazyl radical (DPPH) assay method. For each concentration (1, 10, 15, and 25 µg/mL), 1 mL of the sample was added with 3 mL of DPPH solution (0.004%). The prepared solution was left for 15 to 20 minutes in a dark room and read at 517 nm by UV-Vis spectrophotometer (PerkinElmer, Lambda 35, Germany). The percentage of inhibition was calculated using the formula
Inhibition of DPPH radicals
where A c is absorbance of control sample (DPPH solution without test sample), and A t is the absorbance of test sample (DPPH solution with test sample).
Reactive oxygen species (H 2 O 2 ) scavenging assay.
Reactive oxygen species (H 2 O 2 ) was mixed in buffer with a known concentration and pH (30 mM; 7.4). Measures of 1.5 mL of samples (NPs) in different ratios or standards (α-Tocopherol and Ascorbic acid) were added to 2.5 mL of H 2 O 2 and read at 233 nm after incubation.
Superoxide radical scavenging assay. Various concentrations of 0.5 mL AgNPs were diluted in 1 mL of basic Dimethyl sulphoxide (DMSO: 6 mM NaOH), and 0.1 mL of nitroblue tetrazolium in 2.5 mg/mL concentration was added to make a final mixture and read at 565 nm.
In vitro cell viability assay
The HepG2 (human liver cancer cell line) were grown and maintained in DMEM (Dulbecco Modified Eagle Medium) which was supplement with 10% Fetal bovine serum (FBS), 2 mM L-glutamine 100 U/mL penicillin G sodium and 100 mg/mL streptomycin sulphate. Cells were seeded in 96-well plate at a density of 1 × 10 4 cells/mL along with aforementioned media and maintained at 37°C and humidified with 5% CO 2 . HepG2 cells after reaching confluence were tested with various concentrations of synthesized AgNPs for cytotoxicity. After 24 hours of incubation, medium was discarded and the adherent cells were washed thrice with PBS and 30 µL of 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-tetrazolium bromide (MTT; 10 mg/mL in PBS) was added to each well and incubated for 6 hours. Then 70 µL of DMSO was added to each well to solubilize the formazan crystals produced by viable cells. Furthermore, the absorbance was measured at 540 nm, as reference wavelength using a multiscan spectrophotometer (microplate reader) (Waltham, MA, USA). The effect of the AgNPs on the proliferation of HepG2 cells was expressed as the percent of cell viability using the following formula:
Results and Discussion Preparation and optimization of nanoparticles
The Db extract was mixed to silver nitrate solution and incubated for 24 hours, thereby resulting in the change in the intensity color from light brown to dark due to reduction of Ag + to Ag 0 . This attributes to the phenomenon of surface plasmon resonance (SPR) absorption band which is found in noble metals as a result of vibrations that are in tune with the light wave of both electrons in metal NPs. The maximum degradation of the Ag+ ions was observed after 4 hours of adding the grass leaf extract to the AgNO 3 solution. The absorbance was measured from 300 to 700 nm using UV-Vis spectrophotometer which showed SPR hike at 433 nm confirming the formation of AgNPs as shown in Figure 2A . Mie theory suggested that the absorption spectra of a single spherical NP SPR band are possible; in addition, the peak increases with increased anisotropy. 36 The parameters measured in the AgNPs extract of D. bipinnata (Db) leaf are similar to those of previous measurements that used other plants, namely, Terminalia chebula, Ocimum sanctum, Syzygium cumini, Piper nigrum, and Foeniculum vulgare resulted in the maximum absorbances at 452, 452, 427, 420, and 475 nm, respectively. 35, 37, 38 Distinct change in color was observed between 3 different concentrations ranging from yellowish to reddish brown for 0.5 to 1.5 mM of silver nitrate. The SPR of synthesized AgNPs became evident with increase in the percentage of silver nitrate and 1.5 mM of AgNO 3 ( Figure 2B ) showed highest peak. Similar effect was noted for change in temperature, when reaction mixtures were incubated at 30°C, 60°C, and 90 o C. Increase in the temperature has increased the SPR peak as shown in Figure 2C ; moreover, it has also reduced the time taken for formation of AgNPs. Previous studies have also confirmed 
Physicochemical characterization of nanoparticles
Fourier transform infrared spectrum (Figure 3 ) for the Db extract and NPs was performed to examine the stabilization of nanoparticles through biomolecules as capping agents. Grass leaf extract showed several spectral peaks such as, 3422 cm −1 , which corresponds to the oxygen-hydrogen stretch to the Hydrogen-bonded OH groups and phenols which indicates complex nature of biomolecules. The peak obtained at 2390 cm −1 confirms O-H and C-H stretching bonds, which corresponds to carboxylic acids, primary amines, and alkanes. 30 The findings are further supported by a peak at 1635 cm −1 representing amines through H-N bond. Another peak (1052 cm −1 ) represents the C-O and C-H stretching bonds, which indicated the availability of functional groups. 36 The FTIR spectrum of the AgNPs with respect to the percentage of transmittance as the function of wavelength showed a few similar peaks corresponding to the presence of phenolic and alkanes interaction. 27 Other peaks at 1587 cm −1 and 1383 cm −1 corresponding to the C-C stretching bond indicates the presence of aromatic compounds and the N-O symmetric stretching that demonstrated the presence of the nitro compounds, respectively. 28 The peak at 1055 cm −1 represented the C-O and C-H stretching bonds, which corresponded to the presence of alcohols, carboxylic acids, esters, ether, and aliphatic amines. 39 Consequently, the synthesized AgNPs were bound by various proteins and metabolite functional groups containing terpenoids/flavonoids must have improved the ability to form a capping agent. 29 The Db extract showed the maximum peaks at 21.99° on XRD spectrum, which corresponded to the 011 diffraction planes indicating the microcrystalline nature of the D. bipinnata (Db) confirming high carbon and oxygen contents. In contrast to the leaf extract, AgNPs showed prominent crest of 2θ starting from 38.1°, 44.3°, 64.4°, and 77.4°, which are related to the diffraction planes (111), (200), (220), and (311), respectively ( Figure 4B ). These diffractions are related to the face-centered cubic configuration of AgNPs with average diameters of 132 µm and 53.3 nm estimated using Debye Scherer equation (1) . The sharp peak at 38.1° was due to the stabilization of nanoparticles caused by the capping agent, which may be further responsible for powerful X-ray scattering layers as proposed in Strong Bragg reflections. Hence, the XRD spectrum showed that AgNPs were crystalline in nature and expected to be small in particle size; these results were in agreement with previous investigations. [39] [40] [41] The SEM analysis verified the surface morphology and dimensions of the samples ( Figure 5 ). The grass leaf extract showed hexagonal shape and AgNPs exhibited regular roundshaped particles within the range of 30 to 60 nm in diameter ( Figure 5B ). These superficial impurities may be due to the presence of biocapping agents of the unrefined fractions from the Db extract. 37 X-ray diffractor spectral analysis ( Figure 6A and B) detected the presence of elements within the selected area and found 78.27% of Ag as the major element in the sample with carbon (18.06%) and oxygen (3.67%) as other 
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Analytical Chemistry Insights elements. The significant amount of carbon and small amount of oxygen in the sample indicated the various physiochemical properties of AgNPs in the form of biocapping agent. The SEM and EDAX analyses showed no clear morphology of the formed AgNPs. [42] [43] [44] 
Antimicrobial properties of the silver nanoparticles
Green synthesized AgNps were planned to use as a substitute for conventional antibiotics to fight against intracellular pathogenic bacteria, especially for the drug-resistant bacteria. 39 Figure 7 illustrates the antimicrobial activity against E. coli, S. aureus, S. mutans, and C. albicans with the zone of inhibition at different concentrations (10, 15 , and 20 mg/mL) for synthesized AgNPs. The antimicrobial actions of the AgNPs decreased with the decrease in concentration of the test sample as shown in Table 1 in comparison with standard drug. Silver nanoparticles at a concentration of 20 mg/mL showed highest inhibitory zone for E. coli, S. aureus, and S. mutans with a diameter of 13.5 ± 1, 21 ± 1, and 18.5 ± 1.3 mm which was very close to the standard ampicillin with 100 mg/mL concentration ( Figure 7) . The inhibition was remarkably distinct for S. aureus as a gram positive bacterium. Even though lot of literature was available on various strategies exhibited by AgNPs for antimicrobial properties, their actual mechanisms are not fully understood. 22 Based on the obtained result, bacteria with pepetidoglycan membrane were less resistant to the AgNPs when compared with bacteria without that membrane. This variation in interface of AgNPs could be due to the divergence in basic structural design of cell walls between the bacterial groups. 30 Many results on antimicrobial activities with various medicinal plants reported that the zone of inhibition of AgNPs ranges from 8 to 11 mm. [42] [43] [44] [45] 
Radical scavenging ability of silver nanoparticles
Neutralizing free radicals and other oxidants causes harmful effects to the human body because it consists of complex system of natural enzymatic and non-enzymatic antioxidant resistances. [23] [24] [25] The free radicals are responsible for initiating various diseases like Parkinson disease, neural disorder, mild cognitive impairment, and aging. 21, 27 These free radicals can be protected by the intake of necessary dietary antioxidants. 29 The antioxidant intake improves the quality of life by preventing the occurrence of various degenerative diseases cost-effectively. 22 Antioxidant properties of Db extract and synthesized AgNPs was assessed against various free radicals such as DPPH, Hydrogen peroxide, superoxide and compared the same with standards, α-Tocopherol, and Ascorbic acid ( Figure  8A to C). All the assays confirmed significant antioxidant activity of green synthesized AgNPs which indicates the direct role of secondary metabolites, namely, phenolic compounds, terpenoids, and so on in removing exposed radicals. DPPH 
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radical solution which showed a deep purple color with maximum absorbance at 517 nm turns into yellow color when it accepts electron. Discoloration of DPPH started after adding AgNPs due to the antioxidant ability; radical scavenging activity of the Db extract increased with concentration from 1 to 50 µg/mL in the percentage of inhibition ranging from 27.9% ± 2.1% to 50.12% ± 2.37% ( Figure 8A ). The AgNPs exhibited the highest percentage of inhibition of 44.41% ± 2.3% even with the lowest concentration of 1 µg/mL. Nevertheless, the lowest concentration of the AgNPs (1 µg/mL) exhibited the highest percentage of inhibition, which is similar to that of the 50 µg/mL Db extract. Hydrogen peroxide is the most commonly generated reactive oxygen species inside the cell and leads to the formation of in vivo hydroxyl radical (OH*). In this 
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Analytical Chemistry Insights method, test samples decayed hydrogen peroxide on incubation and the same was spectrophotometrically measured at 230 nm ( Figure 8B ). The order of the antioxidant activity improved with increase in the concentration but varied between the samples (ascorbic acid > AgNPs > α-Tocopherol > Db extract). Generation of superoxide radical through addition of NaOH to DMSO is another standard and highly accepted method to assess the inhibition of reactive oxygen species. Silver nanoparticles showed better superoxide scavenger capability than α-Tocopherol and very close to the activity of ascorbic acid in inhibiting the formation of a red dye formazan as shown in Figure 8C . Nanoparticles showed excellent antioxidant activity compared with that of the Db extract or other medicinal plants. 46, 47 In vitro cell viability assay Toxic effects of AgNPs at 0, 1, 2, 4, 8, 16, 32, 64, and 128 μg/ mL concentration for HepG2 cells was determined using MTT assay. Results have confirmed that nanoparticles up to the concentration of 128 μg/mL observed a significant decrease in viability of HepG2 cells (P < .05). The reduction in viability of AgNPs occurred in a concentration dependent manner as shown ( Figure 9 ). HepG2 cell death increased by 50.1% ± 4.1% to 3.3% ± 4.5%, at 8 to 128 μg/mL doses, respectively. As the graph clearly shows in Figure 9 , the extract of D. bipinnata (Db) has not caused any cell death; hence, the effect is solely caused by the AgNPs.
Conclusions
This work describes synthesizing of silver nanoparticles by exposing them to D. bipinnata (Db) extract in an eco-friendly process without using any external precursor. Physico-chemical characterization has confirmed the fabricated AgNps with an average particle diameter of 53 nm with 78% Ag content. These AgNPs showed efficient antimicrobial, antioxidant, and antiproliferative activity which had demonstrated great potential and definitely will act a significant role in medical device fabrication in the future.
